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(54) Information recording medium, and method and apparatus for recording and reproducing 
information 



(57) An information recording medium includes a 
lead-in area and a data area for storing contents infor- 
mation. The lead-in area includes a first lead-in informa- 
tion area and a second lead-in information area. The 
first lead-in information area corresponds to a first play- 
back mode. The second lead-in information area corre- 
sponds to a second playback mode different from the 
first playback mode. The first lead-in information area 
has a first depth and is designed for storing lead-in infor- 
mation related to the contents information stored in the 
data area. The second lead-in information area includes 
pre-pits having a depth greater then the first depth. The 
pre-pits represent predetermined information, such as 
information of copyright protection, related to the con- 
tents information stored in the data area. 
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Description 

[0001] This invention relates to an information recording medium. Also, this invention relates to a method and an 
apparatus for recording information on a recording medium. In addition, this invention relates to a method and an appa- 
5 ratus for reproducing information from a recording medium. 

[0002] A DVD (digital versatile disc) family contains a DVD-Video and a DVD-RW. Here, DVD-RW is short for DVD- 
Rewritable. 

[0003] The DVD-Video is designed for a playback purpose (a reproduction purpose) only. In general, the DVD- 
Video stores main information, and copyright information corresponding to the main information. For example, the cop- 

io yright information is designed to prevent the contents of the main information from being illegally copied. According to 
a CSS (a contents scramble system), the copyright information is recorded on a given area of the disc, that is, an area 
of the disc which is assigned to information related to copyright protection such as information of a CSS key. 
[0004] A DVD-Video player operates as follows. First, the player reads out information of a CSS key from a disc. 
When the information of the CSS key is correct, the player is permitted to reproduce the contents of main information 

15 from the disc. Otherwise, the player is inhibited form reproducing the contents of the main information. Thus, the CSS 
key functions to prevent the contents of the main information from being illegally copied. 

[0005] It is assumed that a DVD recording system illegally records DVD-Video contents information and corre- 
sponding CSS-key information on a disc. In this case, since the correct CSS-key information is present in the disc, a 
DVD-Video player can reproduce the DVD-Video contents information. Thus, in this case, it is difficult to protect copy- 

20 right on the DVD-Video contents information. 

[0006] The DVD family also contains a DVD-R (a DVD- Recordable). Information can be recorded on the DVD-R 
only once. It is conceivable that before the shipment of a virgin DVD-R from a factory, the disc is physically processed 
to record a special code signal other than a signal of a CSS key on a given area of the disc which corresponds to a cop- 
yright information area of a DVD-Video. In this case, it is difficult to write information of a CSS key over the given area 

25 of the DVD-R after the shipment thereof from the factory. It is assumed that a DVD recording system illegally records 
DVD-Video contents information on such a DVD-R. CSS-key information corresponding to the DVD-Video contents 
information is absent from the DVD-R since it is difficult to record the CSS-key information on the disc. Accordingly, in 
this case, a DVD-Video player can not reproduce the DVD-contents information from the disc. Thus, it is possible to pro- 
tect copyright on the DVD-Video contents information. 

30 [0007] The DVD-RW has the feature that information can be repetitively recorded thereon a plurality of times. An 
explanation is now given of the case where before the shipment of a virgin DVD-RW from a factory, a special code signal 
other than a signal of a CSS key is recorded on a given area of the disc which corresponds to a copyright information 
area of a DVD-Video. Even in this case, it is possible for a DVD recording system to illegally record DVD-Video contents 
information and corresponding CSS-key information on the DVD-RW after the shipment thereof from the factory. Since 

35 the correct CSS-key information is present in the disc, a DVD-Video player can reproduce the DVD-Video contents infor- 
mation therefrom. Thus, in this case, it is difficult to protect copyright on the DVD-Video contents information. 
[0008] Regarding a DVD-RW or a similar rewritable disc storing DVD-contents information permitted to be copied, 
it is desirable that the DVD-contents information can be reproduced from the disc. Also, in some cases, it is desirable 
that the DVD-contents information can be copied. 

40 [0009] An optical disc conforming to the RTR (real-time recording) standards is incompatible with a DVD-Video. 
Regarding an RTR disc storing main information and copyright information, it is desirable to control the copying (the 
recording and the reproduction) of the main information in accordance with the contents of the copyright information. 
[0010] It is a first aim of this invention to provide an improved information recording medium. 
[0011] It is a second aim of this invention to provide an improved method of recording information on a recording 

45 medium. 

[0012] It is a third aim of this invention to provide an improved apparatus for recording information on a recording 
medium. 

[001 3] It is a fourth aim of this invention to provide an improved method of reproducing information from a recording 
medium. 

so [001 4] It is a fifth aim of this invention to provide an improved apparatus for reproducing information from a record- 
ing medium. 

[0015] A first aspect of this invention provides an information recording medium comprising a lead-in area and a 
data area for storing contents information, the lead-in area including a first lead-in information area and a second lead- 
in information area, the first lead-in information area corresponding to a first playback mode, the second lead-in infor- 
55 mation area corresponding to a second playback mode different from the first playback mode, the first lead-in informa- 
tion area having a first depth and being for storing lead-in information related to the contents information stored in the 
data area, the second lead-in information area including pre-pits having a second depth greater than the first depth, the 
pre-pits representing predetermined information related to the contents information stored in the data area. 
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[0016] A second aspect of this invention provides an information recording medium comprising a lead-in area and 
a data area for storing contents information, the lead-in area including a first lead-in information area and a second 
lead-in information area, the first lead-in information area corresponding to a first recording/playback mode, the second 
lead-in information area corresponding to a second recording/playback mode different from the first recording/playback 

5 mode, the first lead-in information area being for storing lead-in information related to the contents information stored 
in the data area in units of predetermined error correction blocks, the second lead-in information area being for ineras- 
ably storing information containing predetermined information related to the contents information stored in the data 
area, wherein an amount of the information containing the predetermined information exceeds a value corresponding 
to an upper limit of an ability of the predetermined error correction blocks to correct errors. 

to [0017] A third aspect of this invention is based on the first aspect thereof, and provides an information recording 
medium wherein the lead-in information contains flag information representing a validity of the lead-in information. 
[0018] A fourth aspect of this invention is based on the first aspect thereof, and provides an information recording 
medium wherein the first lead-in information area and the second lead-in information area comprise information-record- 
able areas made of phase-changeable material, and the predetermined information is reproducible. 

15 [0019] A fifth aspect of this invention provides a method of recording lead-in information and contents information 
on an information recording medium, the information recording medium comprising a lead-in area and a data area for 
storing contents information, the lead-in area including a first lead-in information area for storing the lead-in information 
and a second lead-in information area for storing the lead-in information except predetermined information related to 
the contents information stored in the data area. The method comprises the steps of recording the lead-in information 

20 on the first lead-in information area, and recording the contents information on the data area during a first recording 
mode of operation which corresponds to recording on the first lead-in information area; and recording the lead-in infor- 
mation except the predetermined information on the second lead-in information area, and recording the contents infor- 
mation on the data area during a second recording mode of operation which corresponds to recording on the second 
lead-in information area. 

25 [0020] A sixth aspect of this invention provides an apparatus for recording lead-in information and contents infor- 
mation on an information recording medium, the information recording medium comprising a lead-in area and a data 
area for storing contents information, the lead-in area including a first lead-in information area for storing the lead-in 
information and a second lead-in information area for storing the lead-in information except predetermined information 
related to the contents information stored in the data area. The apparatus comprises first means for deciding which of 

30 a first recording mode of operation and a second recording mode of operation is selected, wherein the first recording 
mode of operation corresponds to recording on the first lead-in information area, and the second recording mode of 
operation corresponds to recording on the second lead-in information area; second means for recording the lead-in 
information on the first lead-in information area, and recording the contents information on the data area when the first 
means decides that the first recording mode of operation is selected; and third means for recording the lead-in informa- 

35 tion except the predetermined information on the second lead-in information area, and recording the contents informa- 
tion on the data area when the first means decides that the second recording mode of operation is selected. 
[0021] A seventh aspect of this invention provides a method of reproducing contents information from an informa- 
tion recording medium, the information recording medium comprising a lead-in area and a data area for storing the con- 
tents information, the lead-in area including a first lead-in information area and a second lead-in information area. The 

40 method comprises the steps of reproducing lead-in information from the first lead-in information area during a first play- 
back mode of operation which corresponds to the first lead-in information area; reproducing lead-in information from the 
second lead-in information area during a second playback mode of operation which corresponds to the second lead-in 
information area; and reproducing the contents information from the data area in cases where the lead-in information 
is reproduced from one of the first lead-in information area and the second lead-in information area. 

45 [0022] An eighth aspect of this invention provides an apparatus for reproducing contents information from an infor- 
mation recording medium, the information recording medium comprising a lead-in area and a data area for storing the 
contents information, the lead-in area including a first lead-in information area and a second lead-in information area. 
The apparatus comprises first means for scanning the first lead-in information area to reproduce lead-in information 
from the first lead-in information area during a first playback mode of operation which corresponds to the first lead-in 

so information area; second means for scanning the second lead-in information area to reproduce lead-in information from 
the second lead-in information area during a second playback mode of operation which corresponds to the second 
lead-in information area; and third means for reproducing the contents information from the data area in cases where 
one of the first means and the second means reproduces the lead-in information from one of the first lead-in information 
area and the second lead-in information area during one of the first playback mode of operation and the second play- 

55 back mode of operation. 

[0023] A ninth aspect of this invention is based on the first aspect thereof, and provides an information recording 
medium wherein the first depth is smaller than A/(8n), and the second depth is in a range of about A7(4n) to about Ay(8n), 
where "V denotes a wavelength of reading laser light and "n" denotes a refractive index of a material for the medium. 
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[0024] A tenth aspect of this invention is based on the second aspect thereof, and provides an information record- 
ing medium wherein an information amount of the predetermined error correction blocks is equal to about 32 Kbytes, 
and the upper limit of an ability of the predetermined error correction blocks to correct errors corresponds to about 2 
Kbytes, and wherein the amount of the information containing the predetermined information is equal to about 8 Kbytes 
5 or more. 

[0025] An eleventh aspect of this invention provides an information recording medium comprising a lead-in area 
and a data area for storing contents information, the lead-in area including a first lead-in information area and a second 
lead-in information area, the first lead-in information area having a first depth and being for storing first lead-in informa- 
tion related to the contents information stored in the data area, the first lead-in information including information of 

w medium manufacture and information of a contents-information start position, the second lead-in information area 
including pre-p'rts having a second depth greater than the first depth, the pre-pits representing predetermined informa- 
tion related to the contents information stored in the data area, the second lead-in information area including an area 
for storing second lead-in information including the information of medium manufacture and the information of the con- 
tents-information start position. 

15 [0026] A twelfth aspect of this invention provides an information recording medium comprising a lead-in area and a 
data area for storing contents information, the lead-in area including a first lead-in information area and a second lead- 
in information area, the first lead-in information area being for storing first lead-in information related to the contents 
information stored in the data area in units of predetermined error correction blocks, the first lead-in information includ- 
ing information of medium manufacture and information of a contents-information start position, the second lead-in 

20 information area being for inerasably storing information containing predetermined information related to the contents 
information stored in the data area, wherein an amount of the information containing the predetermined information 
exceeds a value corresponding to an upper limit of an ability of the predetermined error correction blocks to correct 
errors, the second lead-in information area including an area for storing second lead-in information including the infor- 
mation of medium manufacture and the information of the contents-information start position. 

25 [0027] A thirteenth aspect of this invention is based on the eleventh aspect thereof, and provides an information 
recording medium wherein each of the first lead-in information and the second lead-in information contains flag infor- 
mation representing a validity of the related lead-in information. 

[0028] A fourteenth aspect of this invention is based on the eleventh aspect thereof, and provides an information 
recording medium wherein the first lead-in information area and the second lead-in information area comprise informa- 
30 tion-recordable areas made of phase-changeable material, and the predetermined information is reproducible but 
becomes unreadable when new information is recorded again. 

[0029] A fifteenth aspect of this invention is based on the first aspect thereof, and provides an information recording 
medium wherein the first lead-in information area corresponds to RTR standards, and the second lead-in information 
area corresponds to DVD-Video standards. 

35 [0030] A sixteenth aspect of this invention is based on the first aspect thereof, and provides an information record- 
ing medium wherein the predetermined information comprises information of a CSS key having a given value. 
[0031] A seventeenth aspect of this invention provides a method of reproducing contents information from an infor- 
mation recording medium, the information recording medium comprising a lead-in area and a data area for storing the 
contents information, the lead-in area including a first lead-in information area and a second lead-in information area. 

40 The method comprises the steps of reading out first lead-in information from the first lead-in information area; deciding 
whether or not the read-out first lead-in information is valid; reproducing the contents information from the data area in 
response to the read-out first lead-in information when it is decided that the read-out first lead-in information is valid; 
deciding whether or not second lead-in information is required to be read out from the second lead-in information area; 
and reading out the second lead-in information from the second lead-in information area, and reproducing the contents 

45 information from the data area in response to the read-out first lead-in information and the read-out second lead-in infor- 
mation in cases where it is decided that the second lead-in information is required to be read out from the second lead- 
in information area. 

[0032] An eighteenth aspect of this invention provides a method of reproducing contents information from an infor- 
mation recording medium, the information recording medium comprising a lead-in area and a data area for storing the 

so contents information, the lead-in area including a first lead-in information area and a second lead-in information area. 
The method comprises the steps of deciding whether first lead-in information is present in or absent from the first lead- 
in information area; reading out the first lead-in information from the first lead-in information area when it is decided that 
the first lead-in information is present in the first lead-in information area; deciding whether the read-out first lead-in 
information is valid or invalid; reproducing the contents information from the data area in response to the read-out first 

55 lead-in information when it is decided that the read-out first lead-in information is valid; and reading out second lead-in 
information from the second lead-in information area, and reproducing the contents information from the data area in 
response to the read-out second lead-in information in cases where it is decided that the first lead-in information is 
absent from the first lead-in information area or in cases where it is decided that the read-out first lead-in information is 
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invalid. 

[0033] A nineteenth aspect of this invention provides an apparatus for reproducing contents information from an 
information recording medium, the information recording medium comprising a lead-in area and a data area for storing 
the contents information, the lead-in area including a first lead-in information area and a second lead-in information 

5 area. The apparatus comprises first means for reading out first lead-in information from the first lead-in information 
area; second means for deciding whether or not the read-out first lead-in information is valid; third means for reproduc- 
ing the contents information from the data area in response to the read-out first lead-in information when the second 
means decides that the read-out first lead-in information is valid; fourth means for deciding whether or not second lead- 
in information is required to be read out from the second lead-in information area; and fifth means for reading out the 

io second lead-in information from the second lead-in information area, and reproducing the contents information from the 
data area in response to the read-out first lead-in information and the read-out second lead-in information in cases 
where the fourth means decides that the second lead-in information is required to be read out from the second lead-in 
information area. 

[0034] A twentieth aspect of this invention provides an apparatus for reproducing contents information from an 
15 information recording medium, the information recording medium comprising a lead-in area and a data area for storing 
the contents information, the lead-in area including a first lead-in information area and a second lead-in information 
area. The apparatus comprises first means for deciding whether first lead-in information is present in or absent from the 
first lead-in information area; second means for reading out the first lead-in information from the first lead-in information 
area when the first means decides that the first lead-in information is present in the first lead-in information area; third 
20 means for deciding whether the read-out first lead-in information is valid or invalid; fourth means for reproducing the 
contents information from the data area in response to the read-out first lead-in information when the third means 
decides that the read-out first lead-in information is valid; and fifth means for reading out second lead-in information 
from the second lead-in information area, and reproducing the contents information from the data area in response to 
the read-out second lead-in information in cases where the first means decides that the first lead-in information is 
25 absent from the first lead-in information area or in cases where the third means decides that the read-out first lead-in 
information is invalid. 

[0035] A twenty-first aspect of this invention is based on the seventeenth aspect of this invention, and provides a 
method wherein the information recording medium comprises an information recording medium of the first aspect of this 
invention. 

30 [0036] A twenty-second aspect of this invention is based on the nineteenth aspect thereof, and provides an appa- 
ratus wherein the information recording medium comprises an information recording medium of the first aspect of this 
invention. 

[0037] A twenty-third aspect of this invention provides a rewritable information-recording optical disc comprising a 
lead-in area assigned to lead-in information and a data area assigned to contents information, the lead-in area including 

35 a first sub-area and a second sub-area, the first sub-area corresponding to first disc standards and including a phase 
change recording area, the first sub-area being assigned to lead-in information corresponding to the first disc stand- 
ards, the second sub-area corresponding to second disc standards different from the first disc standards and including 
pre-pits representative of predetermined information in a predetermined logic state, the predetermined information 
relating to the contents information to which the data area is assigned, the second sub-area being assigned to lead-in 

40 information corresponding to the second disc standards, the data area including a phase change recording area. 

[0038] A twenty-fourth aspect of this invention is based on the first aspect thereof, and provides an information 
recording medium wherein the predetermined information comprises information of copyright protection related to the 
contents information stored in the data area 

[0039] A twenty-fifth aspect of this invention is based on the second aspect thereof, and provides an information 
45 recording medium wherein the predetermined information comprises information of copyright protection related to the 
contents information stored in the data area. 

[0040] A twenty-sixth aspect of this invention is based on the fifth aspect thereof, and provides a method wherein 
the predetermined information comprises information of copyright protection related to the contents information stored 
in the data area. 

so [0041] A twenty-seventh aspect of this invention is based on the sixth aspect thereof, and provides an apparatus 
wherein the predetermined information comprises information of copyright protection related to the contents informa- 
tion stored in the data area. ' ~ ; - 

[0042] A twenty-eighth aspect of this invention is based on the eleventh aspect thereof, and provides an information 
recording medium wherein the predetermined information comprises information of copyright protection related to the 
55 contents information stored in the data area. 

[0043] A twenty-ninth aspect of this invention is based on the twelfth aspect thereof, and provides an information 
recording medium wherein the predetermined information comprises information of copyright protection related to the 
contents information stored in the data area. 
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[0044] A thirtieth aspect of this invention provides a rewritable information-recording optical disc comprising a lead- 
in area assigned to lead-in information and a data area assigned to contents information, the lead-in area including a 
first sub-area and a second sub-area, the first sub-area corresponding to first disc standards and including a phase 
change recording area, the first sub-area being assigned to lead-in information corresponding to the first disc stand- 
5 ards, the second sub-area corresponding to second disc standards different from the first disc standards and including 
pre-pits representative of copyright protecting information in a predetermined logic state, the second sub-area being 
assigned to lead-in information corresponding to the second disc standards, the data area including a phase change 
recording area. 

[0045] The present invention will be described further below with reference to exemplary embodiments and the 
w accompanying drawings in which: 

Fig. 1 is a sectional diagram of an information recording medium according to a first embodiment of this invention. 
Fig. 2 is a diagram of the format of one data sector. 
Fig. 3 is a diagram of the format of one ECC block. 
15 Fig. 4 is a diagram of the format of data recorded on an information recording medium. 
Fig. 5 is a diagram of the physical format of one sector. 

Fig. 6 is a perspective view of a portion of the information recording medium in the first embodiment of this inven- 
tion. 

Fig. 7 is a sectional diagram of a laminate of layers from which a master disc is formed. 
20 Fig. 8 is a diagram of light quantity-sensitivity characteristics of resist layers in Fig. 7. 

Fig. 9 is a view including a diagram of variations in the intensity of applied light, and sectional diagrams of laminates 
and a stamper which occur during the fabrication of a master disc. 

Fig. 10 is a block diagram of a recording and reproducing apparatus according to a second embodiment of this 
invention. 

25 Fig. 1 1 is a flowchart of a portion of a program for a system controller in Fig. 1 0. 

Fig. 12 is a flowchart of a portion of a program for the system controller in Fig. 10. 
Fig. 13 is a flowchart of a portion of a program for the system controller in Fig. 10. 
Fig. 14 is a flowchart of a portion of a program for the system controller in Fig. 10. 

Fig. 15 is a diagram of the relation among one ECC block, a timing signal, a pre-pit area, and a recorded signal. 
30 Fig. 16 is a diagram of the relation among one ECC block, a timing signal, and a pre-pit area. 

First Embodiment 

[0046] An information recording medium (an information-recording optical disc) in a first embodiment of this inven- 

35 tion is one of a DVD-RW (a DVD- Rewritable), a CD-RW (a CD-Rewritable), a DVD+RW (DVD+ Rewritable), a DVD of 
another type, and another high-density large-capacity optical disc. In other words, the information recording medium of 
the first embodiment of this invention conforms to the DVD-RW standards, the CD-RW standards, the DVD+RW stand- 
ards, the other DVD standards, or the other optical disc standards. The information recording medium (the information- 
recording optical disc) has a central hole which is of a circular shape. 

40 [0047] As shown in Fig. 1, the information recording medium (the information-recording optical disc) has a lead-in 
area LI, a data area DA, and a lead-out area LO. The lead-in area LI, the data area DA, and the lead-out area are suc- 
cessively arranged in that order as viewed along a radially outward direction of the disc. The lead-in area LI includes a 
first area LI1 and a second area LI2 referred to as a first lead-in area LI1 and a second lead-in area LI2 respectively. 
The second lead-in area LI2 extends outward of the first lead-in area LI1 . 

45 [0048] Lead-in information contains information related to copyright protection. The copyright-protection-related 
information includes, for example, a signal representing a CSS (contents scramble system) key. The lead-in information 
is recorded or written on the lead-in area LI of the information recording medium. The lead-in information can be read 
out from the lead-in area LI. The writing of the lead-in information on the lead-in area LI of the information recording 
medium, and the read-out of the lead-in information therefrom are designed to satisfy the following conditions ©, @, 

so and ®. 

® Lead-in information which contains a signal of a CSS key is written on the first lead-in area LI1 of the information 
recording medium when main information (contents information) is recorded on the data area DA thereof. Also, the 
lead-in information is recorded on the second lead-in area LI2 of the information recording medium in advance. It 
55 should be noted that the CSS-key signal may be omitted from the lead-in information. In the case where the lead- 
in information contains the CSS-key signal, the lead-in information is recorded on the first lead-in area LI1 in a man- 
ner such that it can be rewritten or updated. On the other hand, copyright-protection-related information, such as 
information of a CSS key corresponding to a given value or copy guard information, is recorded on the second lead- 
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in area LI2 in a manner such that it can be neither rewritten nor updated. For example, pre-pits representing the 
copyright-protection-related information are formed in the second lead-in area LI2 of the information recording 
medium. 

@ A recorder-player for the information recording medium can operate in any one of different modes including a 
5 first recording mode, a second recording mode, a first playback mode, and a second playback mode. During the 
first recording mode of operation, if a signal of a CSS key already exists in the first lead-in area LI1, lead-in infor- 
mation containing the signal of the CSS key is recorded on the information recording medium (the first lead-in area 
LI). During the first playback mode of operation, if a signal of a CSS key already exists in the first lead-in area LI1 , 
lead-in information containing the signal of the CSS key is reproduced from the information recording medium (the 
w first lead-in area LI1). During the second recording mode of operation, if the second lead-in area LI2 has a record- 
able portion, lead-in information except copyright-protection-related information is recorded on the second lead-in 
area LI2. During the second playback mode of operation, lead-in information containing copyright-protection - 
related information is reproduced from the second lead-in area LI2. 

® As previously mentioned, copyright-protection-related information, such as information of a CSS key corre- 
15 sponding to a given value or copy guard information, is recorded on the second lead-in area LI2 in a manner such 
that it can be neither rewritten nor updated. The copyright-protection-related information is represented by a train 
of pits, the total number of which is equal to a predetermined value or greater so that the copyright-protection- 
related information can not be altered by an error correction process. 

20 [0049] In the case where the previously-indicated conditions ©, @, and ® are satisfied, copyright-protection- 
related information such as information of a CSS key or copy guard information can be maintained by a compatible 
player. In addition, even if contents information inhibited by copyright from being copied is illegally recorded on the data 
area DA of an information recording medium, the contents information is prevented from being reproduced therefrom. 
On the other hand, after free contents information or contents information permitted by copyright to be copied is 

25 recorded on the data area DA of an information recording medium, the contents information can be reproduced there- 
from. 

[0050] In more detail, the first embodiment of this invention has features indicated in the following items (1 ), (2), (3), 
and (4). 

30 (1) A DVD-Video is designed for a playback purpose (a reproduction purpose) only. In the DVD-Video, all of con- 
tents information and CSS-key information recorded in an area of the disc which corresponds to the second lead- 
in area LI2 (see Fig. 1) are represented by pits in the disc. The depth of these pits is equal to about A/(4n) where 
"V denotes a reading laser light wavelength of about 650 nm, and M n" denotes a refractive index of a material (for 
example, polycarbonate) for the disc. On the other hand, a DVD-RW is a rewritable disc on which information is 

35 recorded by a phase change recording method. In the DVD-RW, recorded contents information is stored in a groove 
(a spiral groove) in the disc. To optimize recording and reproducing performances, the depth of the groove relative 
to a land is set to about X/(1 6n) or set in the range of A/(1 On) to A7(1 8n). According to the first embodiment of this 
invention, copyright-protection-related information such as CSS-key information for a DVD-Video or copy guard 
information is previously recorded on a DVD-RW. Specifically, the DVD-RW is formed with pre-pits which represent 

40 the copyright-protection-related information, and which have a depth in the range of about A/(4n) to about Ay(8n). 
Thus, the depth of the pre-pits in the DVD-RW is close to the depth of the information recording pits in the DVD- 
Video. Accordingly, a DVD-Video player is allowed to properly reproduce the copyright-protection-related informa- 
tion from the DVD-RW. A disc area in which the pre-pits are located is referred to as a pre-pit area. The pre-pit area 
extends in the second lead-in area LI2 (see Fig. 1). 

45 (2) The DVD-Video player implements a block-by-block error correction process on a signal read out from a record- 
ing disc, for example, a DVD-Video or a DVD-RW. It is now assumed that the copyright-protection- related informa- 
tion recorded on the pre-pit area of the DVD-RW differs from rightful copyright-protection-related information for 
recorded contents information, and the data amount (the number of bits) of the recorded copyright-protection- 
related information is within the range of the ability of an ECC (error correction code) block, containing the pre-pit 

so area, to correct errors. In this assumed case, although the player reads out the copyright-protection-related infor- 
mation from the pre-pit area of the DVD-RW, the player recovers the rightful copyright-protection -related informa- 
tion as a result of the error correction process on the read-out signal which corresponds to the ECC block 
containing the pre-pit area. Thus, the player reproduces the contents information in response to the rightful copy- 
right-protection-reiated information (the rightful CSS-key information or the rightful copy guard information). 

55 Accordingly, the data amount of the copyright-protection-related information represented by the pre-pits in the 
DVD-RW is set to a value beyond the range of the ability of an ECC block to correct errors. In the case where the 
rightful copyright-protection-related information fails to be recovered, the player is inhibited from reproducing the 
contents information from the DVD-RW. Thus, it is possible to prevent the contents information from being illegally 
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copied. 

(3) The copyright-protection-related information (the CSS-key information or the copy guard information) same as 
that recorded on the pre-pit area is stored in a memory such as a ROM in a recorder-player. The copyright-protec- 
tion-related information same as that recorded on the pre-pit area may be fed to the recorder-player from an exter- 

5 nal. In the case where the second lead-in area LI2 (see Fig. 1) except the pre-pit area has a phase change 
recording region, data of an ECC-block are generated from the copyright-protection-related information same as 
that recorded on the pre-pit area and contents information to be recorded, and the ECC-block data are recorded on 
the second lead-in area LI2 except the pre-pit area during a recording mode of operation of the recorder-player. 
Accordingly, during a later playback mode of operation of the recorder-player, the ECC block data can be repro- 

io duced as data containing the copyright-protection-related information. 

(4) The features indicated in the previous items (1), (2), and (3) provide compatibility of the reproduction of contents 
information which does not need copyright protection. In some cases, contents information which does not need 
copyright protection is recorded on an RTR (real-time recording) disc incompatible with a DVD-Video regarding 
playback. In view of this fact, lead-in information conforming to the RTR standards is recorded on the first lead-in 

15 area LI1 (see Fig. 1) of the information recording medium according to the first embodiment of this invention. This 
design enables the information recording medium to fulfill the requirements of the RTR standards in addition to the 
DVD standards. 

[0051] A signal recording format used in the first embodiment of this invention will be described hereinafter. In gen- 
20 eral, information to be recorded on a DVD-RW is of a physical structure containing a plurality of data sectors 20 each 
having 2064 bytes. As shown in Fig. 2, one data sector 20 is composed of ID information 21, an ID-information error 
correction code (IED) 22, reserved data 23, a data region 24, and an error detection code (EDC) 25 which are sequen- 
tially arranged in that order along a direction from the sector head toward the sector end. The ID information 21 indi- 
cates the start position of the data sector 20. The ID-information error correction code 22 is designed to correct an error 
25 or errors in the ID information 21 . For example, the reserved data 23 are used for copyright management information 
(CPM). The data region 24 stores main data to be recorded. The data region 24 has a size corresponding to 2048 bytes. 
The error detection code 25 is designed to detect an error or errors in the data region 24. A sequence of data sectors 
20 compose information to be recorded. 

[0052] The data sectors 20 are combined and changed into ECC blocks. A predetermined number (1 6) of data sec- 
30 tors 20 are assigned to one ECC block. As shown in Fig. 3, one data sector 20 is divided into 1 2 equal-size segments 
each having 172 bytes. These segments are referred to as the data blocks 33. The 12 data blocks 33 are arranged in 
a vertical direction. 

[0053] For each of the data blocks 33, a 1 0-byte ECC inner code signal (a 10-byte PI code signal or a 10-byte parity 
in code signal) 31 is added to the block end. The addition of the 1 0-byte ECC inner code signal changes the data block 
35 33 into a correction block 34. Thus, 12 correction blocks 34 are arranged in the vertical direction. A sequence of the 
above-mentioned steps is reiterated a given number of times which corresponds to 16 data sectors 20. As a result, 
there are provided 192 rows, that is, 192 correction blocks 34. 

[0054] Subsequently, the arrangement of the 1 92 rows formed by the 1 92 correction blocks 34 is divided into equal- 
size columns whose horizontal dimension corresponds to 1 byte. Then, 1 6 ECC outer code signals (PO code signals 
40 or parity out code signals) 32 are added to the bottom of each of the columns. It should be noted that ECC outer code 
signals are added also to the bottoms of columns occupied by the ECC inner code signals 31 . The resultant arrange- 
ment of the rows and the columns forms one ECC block 30. As understood from the previous description, 16 data sec- 
tors 20 are contained in one ECC block 30. 

[0055] The total amount (the total number of bits) of information in one ECC block 30 is equal to 37856 bytes as 
. 45 expressed by the following equation. 

37856 bytes = (172 + 1 0) bytes multiplied by (1 92 + 1 6) rows 

The total amount (the total number of bits) of data stored in the data regions 24 assigned to one ECC block 30 is equal 
so to 32768 bytes as expressed by the following equation. 

32768 bytes = 2048 bytes multiplied by 1 6 " ' 

[0056] In the ECC block 30 of Fig. 3, a 1 -byte data piece is denoted by "D#. For example, "D1 . 0" denotes the 1 - 
55 byte data piece in the 1-st row and the 0-th column, and "D190. 170" denotes the 1-byte data piece in the 190-th row 
and the 170-th column. Thus, the ECC inner code signals 31 are placed in the range of the 172-nd column to the 181- 
st column. On the other hand, the ECC outer code signals 32 are placed in the range of the 192-nd row to the 207-th 
row. 
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[0057] One correction block 34 is continuously recorded on the DVD-RW. Regarding the ECC block 30 of Fig. 3, 
correction of errors in the horizontally-extending data sequences is executed in response to the ECC inner code signals 
31. On the other hand, correction of errors in the vertically-extending data sequences is executed in response to the 
ECC outer code signals 32. Thus, the data in the ECC block 30 can be subjected to a double error correction process 
5 having an error correction process along the horizontal direction and an error correction process along the vertical 
direction. Therefore, it is possible to provide a higher ability to correct errors than that of an error correction process 
used in a prior-art CD. 

[0058] As previously mentioned, one correction block 34 which is continuously recorded on the DVD-RW has 1 82- 
byte data including a 10-byte ECC inner code signal 31 corresponding to one row. In one correction block 34, it is pos- 

w sible to correct errors of 5 bytes or less in response to the ECC inner code signal 31 . In one correction block 34, it is 
difficult to correct errors of 6 bytes or more in response to the ECC inner code signal 31 . Such many-byte errors in the 
horizontal direction correspond to an error of 1 byte as viewed in the vertical direction or the column direction. There- 
fore, it is possible to correct the many-byte errors in response to ECC outer code signals 32 even when the many-byte 
errors fully occupy one correction block 34. The maximum vertical dimension of an error group which can be corrected 

15 correspond to 8 rows (16 rows in the case of erasure-based correction). 

[0059] With reference to the portion (A) of Fig. 4, correction blocks 34 composing one ECC block 30 are sequen- 
tially arranged along a horizontal direction. Data pieces °D#. *° in Fig. 4 correspond to those in Fig. 3. The sequence of 
correction blocks 34 is interleaved, being divided into 16 recording sectors 40 (see the portion (B) of Fig. 4). Each 
recording sector 40 has a size corresponding to 2366 bytes (37856 bytes divided by 1 6). A data sector 20, ECC inner 

20 code signals 31 , and ECC outer code signals 32 exist in one recording sector 40 on a mixed basis. The head of each 
recording sector 40 is loaded with ID information 21 (see Fig. 2) in a data sector 20. 

[0060] As shown in the portions (B) and (C) of Fig. 4, each recording sector 40 is divided into 91 -byte data seg- 
ments 41 . Sync signals H are added to the heads of data segments 41 , respectively. Then, each sync-added recording 
sector 40 is subjected to 8-16 modulation so that sync frames 42 are generated from data segments 41 respectively. 

25 As shown in the portion (D) of Fig. 4, each sync frame 42 is composed of a sync signal FT and a data segment 43. Each 
sync frame 42 has a size corresponding to 1456 bytes (equal to 91 bytes multiplied by 8 • ^ ). A sequence of sync 
frames 42 is written on a DVD-RW. In this case, one recording sector 40 corresponds to 26 sync frames 42. 
[0061] Each ECC block 30 is composed of 1 6 physical sectors. Fig. 5 shows a first physical sector in an ECC sector 
30. The physical sector in Fig. 5 has 1 3 horizontal rows. Each of the first to twelfth horizontal rows has 1 86 bytes equal 

30 to the sum of 172 bytes of data, 1 0 bytes of a PI code signal, and 4 bytes of sync signals. The thirteenth horizontal row 
has 186 bytes of PO code signals. The physical sector in Fig. 5 has 26 sync signals H0-H25 each having 2 bytes. Two 
sync signals are assigned to one horizontal row. 

[0062] The previously-mentioned physical format is formed, and information containing ECC blocks 30 is recorded 
on a DVD-RW. During the playback of an after-recording DVD-RW, a signal is read out from the disc and the read-out 

35 signal is subjected to 8-16 demodulation and deinterleave so that the original ECC blocks 30 are reproduced. In this 
case, it is possible to minimize a damaged data block size. Furthermore, the previously-mentioned double error correc- 
tion process enables the original information to be accurately reproduced. Copy guard information (copyright-protec- 
tion-related information or CSS-key information) is recorded on the second lead-in area LI2 (see Fig. 1) of the disc as 
data in a portion of an ECC block 30. 

ao [0063] With reference to Figs. 1 and 6, an information recording medium (an information-recording optical disc) "D" 
in the first embodiment of this invention has a lead-in area LI and a data area DA. The data area DA extends outward 
of the lead-in area LI. The lead-in area LI includes a first area LI1 and a second area LI2. referred to as a first lead-in 
area LI1 and a second lead-in area LI2 respectively. The second lead-in area LI2 extends outward of the first lead-in 
area LI1. The first lead-in area LI1 corresponds to a first recording and playback mode of apparatus operation (for 

45 example, an RTR playback mode of operation, that is, playback by an RTR player). The second lead-in area LI2 corre- 
sponds to a second recording and playback mode of apparatus operation (for example, a DVD compatible playback 
mode of operation, that is, playback by a DVD-Video player). Contents information such as audio contents information 
or audio visual contents information is recorded on the data area DA. 

[0064] The first lead-in area LI1 is formed with a groove (a spiral groove) "G" which has a first predetermined depth 
so d1 (see Fig. 6) relative to a land V, and which stores, on a phase change recording basis, lead-in information corre- 
sponding to the contents information recorded on the data area DA. The lead-in information on the first lead-in area LI1 
* • contains, for example, information of the manufacture of the disc and information of -a contents start position. In Fig. 6, 
the reference character "Le" denotes the direction of an information-recording laser beam or an information-reading 
laser beam applied to the information recording medium "D". The second lead-in area LI2 includes a pre-pit area PR 
55 formed with pre-pits "pr" which have a second predetermined depth d2 (see Fig. 6) relative to the land "L", and which 
represent copyright-protection-related information and also lead-in information. The second predetermined depth d2 is 
greater than the first predetermined depth d1. The lead-in information on the second lead-in area LI2 corresponds to 
the contents information recorded on the data area DA, and contains, for example, information of the manufacture of 
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the disc and information of the contents start position. The copyright-protection-related information on the second lead- 
in area LI2 concerns the contents information recorded on the data area DA. 

[0065] The lead-in information on the first lead-in area LI1 corresponds to the contents information which is 
recorded on the data area DA on an ECC-block-by-ECC-block basis. As previously mentioned, the lead-in information 
5 on the first lead-in area LI1 contains, for example, information of the manufacture of the disc and information of a con- 
tents start position. 

[0066] The recording of the copyright-protection-related information on the second lead-in area LI2 is designed to 
prevent the copyright-protection-related information from being erased or altered during a later overwrite process. In the 
case where the upper limit of the ability of one ECC block to correct errors corresponds to an information amount of V 
w bytes, the amount of the copyright-protection-related information on the second lead-in area LI2 is set greater than V 
bytes. In other words, the amount of the copyright-protection -related information on the second lead-in area LI2 is set 
beyond the upper limit of the ability of one ECC block to correct errors. 

[0067] The information recording medium (the information-recording optical disc) °D U in the first embodiment of this 
invention features that the lead-in information on the first lead-in area LI1 or the second lead-in area LI2 contains flag 
15 information indicating the validity of the lead-in information. The flag information has category-indicating information 
such as standards-related information and version information (media-type information). 

[0068] In addition, the information recording medium (the information-recording optical disc) "D" in the first embod- 
iment of this invention has the following features. Information is recorded on the medium by a phase change recording 
method. The copyright-protection-related information can be read out from the second lead-in area LI2. 

20 [0069] The information-recording optical disc (the information recording medium) "D" in the first embodiment of this 
invention is fabricated as follows. With reference to Fig. 7, a second resist layer 1 B, an intermediate layer 1 C, and a first 
resist layer 1 D are sequentially formed on a glass substrate 1 A as a laminate. The sum of the thickness of the interme- 
diate layer 1 C and the thickness of the first resist layer 1 D is set equal to the depth d1 of the groove "G° in phase change 
recording areas "R" of the recording medium "D" (see Fig. 6). The sum of the thickness of the second resist layer 1B, 

25 the thickness of the intermediate layer 1C, and the thickness of the first resist layer 1D is set equal to the depth d2 of 
pre-pits B pr" in the pre-pit area PR of the recording medium U D" (see Fig. 6). 

[0070] A light exposure process (a laser recording process) is performed on the laminate. Specifically, laser light 
having a first predetermined intensity is applied to the first resist layer 1D from above. The first predetermined intensity 
is chosen so that the first resist layer 1D and the intermediate layer 1C undergo light exposure and hence the shapes 
30 of recording areas "R M are formed on the glass substrate 1 A. In addition, laser light having a second predetermined 
intensity is applied to the first resist layer 1D from above. The second predetermined intensity is set greater than the 
first predetermined intensity so that the first resist layer 1D, the intermediate layer 1C, and the second resist layer 1B 
undergo light exposure and hence a pre-pit area PR is formed on the glass substrate 1 A. 

[0071] In more detail, the first resist layer 1D and the second resist layer 1B are made of commercially available 

35 material such as THMLIP31 00" produced by Tokyo Ohka Kogyo Co., Ltd. The intermediate layer 1 C extends between 
the first resist layer 1D and the second resist layer 1B, and separates them from each other. The intermediate layer 1C 
is a film of photosensitive material such as polyvinyl alcohol which is formed by spin coat. As previously mentioned, the 
second resist layer 1 B, the intermediate layer 1 C, and the first resist layer 1 D are sequentially formed on the glass sub- 
strate 1 A as a laminate. According to light quantity-sensitivity characteristics 1DD in Fig. 8, the first resist layer 1D is 

AO designed to react to a low light quantity (a low light intensity) of recording krypton laser light having a wavelength of 351 
nm. According to light quantity-sensitivity characteristics 1BB in Fig. 8, the second resist layer 1B is designed to react 
to a high light quantity (a high light intensity) of the recording krypton laser light. As shown in Fig. 9, during the laser 
recording process, the intensity of the recording krypton laser light is changed among a predetermined high level, a pre- 
determined normal level (a predetermined intermediate level), and a predetermined low level to form a groove (or 

45 grooves) W G", pre-pits "pr n , and a land V. The pre-pits "pr", and land portions "L" therebetween compose a pre-pit area 
PR. During the light exposure to form the pre-pit area PR, the change of the intensity of the recording krypton laser light 
is controlled in response to copyright-protection-related information. Thus, the copyright-protection-related information 
is recorded on the pre-pit area PR. The length of the pre-pit area PR is set to a predetermined value. 
[0072] The resultant laminate is subjected to development. After the development, the layers on the glass substrate 

so 1 A have shapes such as shown in the portion (C) of Fig. 9. Subsequently, an electrically conductive film such as a nickel 
film is formed on exposed upper and side surfaces of the first resist layer 1D, the intermediate layer 1C, the second 
resist layer 1 B, and the glass substrate 1A by electroless plating. A film having a thickness of, for example, about 250 
\im is deposited on the electrically conductive film by electroplating to form a stamper (see the portion (D) of Fig. 9). 
[0073] The stamper is attached to a die. Resin such as polycarbonate is shaped into a disc base by an injection 

55 molding process using the die with the stamper. A phase change recording film is formed on the disc base by a sput- 
tering process. A protective film is formed on the phase change recording film. The disc base with the recording film and 
the protective film is initialized so that a virgin information -recording optical disc is completed. The virgin information- 
recording optical disc has areas including a first lead-in area LI1 , a second lead-in area LI2, and a data area DA (see 
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Fig. 1). The data area DA and the first lead-in area LI1 has grooves (spiral grooves) "G" whose depth is equal to about 
A/(16n). The data area DA and the first lead-in area LI1 are phase change recording areas or information recordable 
areas. On the other hand, the second lead-in area LI2 contains a pre-pit area PR having pre-pits "pr" whose depth is in 
the range of about A/(4n) to about A/(8n). The pre-pits "pr" represent the copyright-protection-related information on an 

5 unalterable basis or an inerasable basis. 

[0074] In the information -recording optical disc, the length of the pre-pit area PR is equal to a predetermined value 
corresponding to more than the upper limit of the ability of an ECC block to correct errors, that is, corresponding to more 
than 16 rows (or 8 rows) in an ECC block. As previously mentioned, one sector has 13 rows (see Fig. 5). Thus, the 
length of the pre-pit area PR is equal to a predetermined value corresponding to two sectors or more. Preferably, the 

w length of the pre-pit area PR is equal to a value corresponding to four sectors. Accordingly, in the case where the cop- 
yright-protection-related information has not been successfully read out from the pre-pit area PR during playback, the 
copyright-protection-related information can not be recovered by the error correction process on an ECC block contain- 
ing the pre-pit area PR. The absence of the recovered copyright-protection-related information prevents related con- 
tents information from being illegally copied since the reproduction of the contents information requires the recovered 

15 copyright-protection-related information. 

[0075] The copyright-protection-related information is, for example, information of a CSS key corresponding to a 
given value (that is, a CSS key in a given logic state). An example of the CSS-key information is in an all-0 state. Pref- 
erably, the CSS-key information is in one of given logic states never assigned to normal contents information. It is 
assumed that the information-recording optical disc stores given CSS-key information in its pre-pit area PR, and con- 

20 tents information scrambled according to a CSS is illegally recorded on the data area DA of the optical disc. Usually, 
CSS-key information corresponding to the illegally-recorded contents information is different from the given CSS-key 
information so that the contents information can not be descrambled during playback. On the other hand, after 
unscrambled contents information is recorded on the data area DA of the information-recording optical disc, the con- 
tents information can be reproduced from the optical disc. 

25 [0076] It is assumed that contents information and corresponding CSS-key information are illegally copied and 
overwritten onto the data area DA and the pre-pit area PR of the information-recording optical disc respectively by a 
phase change recording method. The pre-pits "pr* in the pre-pit area PR cause errors in the phase-change-recorded 
CSS-key information (the illegally-copied CSS-key information) on the pre-pit area PR during playback. Thus, for the 
illegally-copied contents information on the optical disc, the pre-pit area PR stores errors instead of the correct CSS- 

30 key information. Since the length of the pre-pit area PR corresponds to more than the upper limit of the ability of an ECC 
block to correct errors, the accurate CSS-key information for the illegally-copied contents information can not be recov- 
ered by the error correction process. Therefore, it is difficult to reproduce the illegally-copied contents information from 
the optical disc. 

[0077] The CSS-key information on the pre-pit area PR of the information-recording optical disc is data resulting 
35 from modulation according to the DVD-Video standards. The CSS-key data have a synchronized phase relation with an 
LPP address. Preferably, the depth of pre-pits "pr" in the pre-pit area PR is chosen to optimize an RF reproduced signal 
and a servo signal (for example, a tracking error signal) during playback by a DVD-Video apparatus. Preferably, the 
depth of pre-pits "pr" in the pre-pit area PR is chosen to optimize a servo signal (for example, a tracking error signal) 
during recording. 

40 

Second Embodiment 

[0078] A second embodiment of this invention is directed to an apparatus for recording and reproducing lead-in 
information and contents information on and from an optical disc of the physical format in the first embodiment of this 

45 invention. The apparatus is also referred to as the recording and reproducing apparatus. 

[0079] With reference back to Fig. 1, the optical disc has a lead-in area LI and a data area DA. The lead-in area LI 
extends inward of the data area DA. The lead-in area LI includes a first area LI1 and a second area LI2 assigned to 
lead-in information containing information of the manufacture of the disc, information of a contents start position, and 
copyright-protection-related information (CSS-key information or copy guard information). The first area LI1 and the 

so second area LI2 are referred to as the first lead-in area LI1 and the second lead-in area LI2 respectively. The second 
lead-in area LI2 extends outward of the first lead-in area LI1 . For example, each of the first lead-in area LI1 and the sec- 
ond lead-in area LI2 is composed of 192 ECC blocks. The lead-in information alsoxontains flag information indicating 
the validity of the lead-in information. The first lead-in area LI1 forms a recording area °R" having a phase change 
recording layer. The second lead-in area LI2 includes a pre-pit area PR storing copyright-protection-related information 

55 (CSS-key information or copy guard information). The second lead-in area LI2 except the pre-pit area PR forms a 
recording area (or recording areas) "R" having a phase change recording layer. Data of "0° are recorded on the lead-in 
area LI except the first lead-in area LI1 and the second lead-in area LI2. 

[0080] Preferably, the optical disc is a DVD-RW. The DVD-RW has a spiral recording track. The DVD-RW has 
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address pre-pits (land-pre-pits) in addition to pre-pits "pr" in the pre-pit area PR. The address pre-pits are formed in a 
land extending along the recording track. The address pre-pits represent information of sector addresses on the disc. 
At an initial stage of a recording mode of operation of the apparatus, the address information is reproduced from the 
address pre-pits in the DVD-RW. During a later stage of the recording mode of operation, recording positions on the 
5 DVD-RW are decided in response to the address information, and lead-in information and contents information are 
recorded on the decided recording positions of the DVD-RW. 

[0081] With reference to Fig. 10, the recording and reproducing apparatus includes a spindle motor 2, an optical 
head 3, an amplifier unit 4, a signal processor 5, an audio-video encoding and decoding unit 6, a driver 7, a servo unit 
8, a system controller 9, a key input unit 10, an input/output terminal 11, an input terminal 12, an interface 13, a track 

w buffer memory 1 4, and a memory 1 5. 

[0082] The spindle motor 2 rotates an optical disc 1 . The optical head 3 writes and reads information on and from 
the optical disc 1 . The spindle motor 2 is connected to the driver 7. The optical head 3 is connected to the amplifier unit 
4 and the driver 7. The amplifier unit 4 is connected to the signal processor 5 and the servo unit 8. The driver 7 is con- 
nected to the servo unit 8. The signal processor 5 is connected to the audio-video encoding and decoding unit 6 and 

15 the track buffer memory 14. The audio-video encoding and decoding unit 6 is connected to the memory 15 and the 
input/output terminal 1 1 . The system controller 9 is connected to the amplifier unit 4, the signal processor 5, the audio- 
video encoding and decoding unit 6, the servo unit 8, the key input unit 10, the input terminal 12, and the interface 13. 
[0083] The optical disc 1 is of a rewritable type. The optical disc 1 is made of phase changeable material. The opti- 
cal disc 1 is, for example, a DVD-RW. The DVD-RW has a spiral track being a sequence of sectors which extends along 

20 a spiral. During the recording of information or the reproduction of information, the DVD-RW is rotated at a constant lin- 
ear velocity (CLV). In the DVD-RW, 16 successive sectors compose one ECC block. The optical disc 1 is coupled with 
the spindle motor 2 by a chucking mechanism (not shown). 

[0084] The spindie motor 2 is driven and controlled by the driver 7. The spindle motor 2 rotates the optical disc 1 
chucked thereto. The spindle motor 2 is provided with an FG generator and a rotational position sensor (an angular 

25 position sensor). The rotational position sensor includes, for example, a Hall element. The FG generator outputs an FG 
signal to the driver 7. The Hall element outputs a rotational position signal to the driver 7. The FG signal and the rota- 
tional position signal are fed back to the servo unit 8 via the driver 7 as rotation servo signals. 
[0085] The optical head 3 includes a semiconductor laser, a collimator lens, and an objective lens. The semicon- 
ductor laser acts as a source for emitting a light beam (a laser beam) Le. The emitted laser beam Le is focused into a 

30 laser spot on a track of the optical disc 1 by the collimator lens and the objective lens. The optical head 3 includes a 2- 
axis actuator for driving the objective lens to implement focusing and tracking of the laser spot with respect to the optical 
disc 1 . The semiconductor laser is driven by a drive circuit in the optical head 3 or the driver 7. The 2-axis actuator is 
driven by the driver 7. 

[0086] The key input unit 1 0 includes a plurality of keys which can be operated by a user. The key input unit 1 0 gen- 
35 erates command signals in accordance with its operation by the user. The command signals are transmitted from the 
key input unit 10 to the system controller 9. The command signals include a command signal for starting a recording 
mode of operation of the apparatus, a command signal for starting a playback mode of operation of the apparatus, a 
command signal for stopping the recording mode of operation of the apparatus, and a command signal for stopping the 
playback mode of operation of the apparatus. The key input unit 10 generates control data in accordance with its oper- 
40 ation by the user. The control data are transmitted from the key input unit 1 0 to the system controller 9. 

[0087] The interface 13 is designed for data communications with an external apparatus such as a computer. The 
interface 13 is of an ATAPI (advanced technology attachment packet interface) type. 

[0088] The system controller 9 includes, for example, a microcomputer or a similar device which operates in 
accordance with a program stored in its internal ROM. The system controller 9 controls the amplifier unit 4, the signal 
45 processor 5, the audio-video encoding and decoding unit 6, and the servo unit 8 in response to the command signals 
fed from the key input unit 1 0. The system controller 9 implements data communications with an external apparatus via 
the interface 13. 

[0089] Control data can be fed to the system controller 9 via the input terminal 12. The control data fed to the sys- 
tem controller 9 via the input terminal 12, and the control data fed to the system controller 9 from the key input unit 10 

so include a signal for adjusting the resolution of pictures represented by contents information to be recorded, a signal for 
separating quickly-moving scenes such as car racing scenes represented by contents information, and a signal for giv- 
* ing priority to a recording time. The system controller 9 changes an actual recording time in accordance with ihe control 
data. The system controller 9 enables the setting of the actual recording time to be selected by the user. 
[0090] When the apparatus is required to start to operate in the playback mode, the key input unit 1 0 is actuated to 

55 generate the playback start command signal. The playback start command signal is transmitted from the key input unit 
10 to the system controller 9. The system controller 9 controls the amplifier unit 4 and the servo unit 8 in response to 
the playback start command signal, thereby starting the playback mode of operation of the apparatus. The control of 
the servo unit 8 includes steps of controlling the driver 7. Firstly, the system controller 9 starts rotation of the optical disc 



12 



EP 1 081 688 A2 



1 and application of a laser spot thereon through the control of the driver 7. The optical head 3 is controlled by the driver 
7, thereby reading out address information from land pre-pits (address pre-pits) in a track on the optical disc 1. The 
read-out address information is transmitted from the optical head 3 to the system controller 9 via the amplifier unit 4, 
The system controller 9 finds or decides a target sector (a target track portion) to be played back by referring to the 

5 address information. The system controller 9 controls the optical head 3 via the servo unit 8 and the driver 7, thereby 
moving the laser spot to the target sector on the optical disc 1 . When the movement of the laser spot to the target sector 
is completed, the system controller 9 operates to start the reproduction of a signal from the target sector on the optical 
disc 1 . In this way, the playback mode of operation of the apparatus is started. During the playback mode of operation 
of the apparatus, the target sector is changed from one to another. 

10 [0091 ] During the playback mode of operation of the apparatus, the optical head 3 scans the optical disc 1 and gen- 
erates an RF signal containing information read out therefrom. The optical head 3 outputs the RF signal to the amplifier 
unit 4. The amplifier unit 4 enlarges the RF signal. In addition, the amplifier unit 4 generates a main reproduced signal, 
and tracking and focusing servo signals (tracking error and focusing error signals) from the enlarged RF signal. The 
amplifier unit 4 includes an equalizer for optimizing the frequency aspect of the main reproduced signal. Also, the ampli- 

15 fier unit 4 includes a PLL (phase locked loop) circuit for extracting a bit clock signal from the equalized main reproduced 
signal, and for generating a speed servo signal from the equalized main reproduced signal. Furthermore, the amplifier 
unit 4 includes a jitter generator for comparing the time bases of the bit clock signal and the equalized main reproduced 
signal, and for detecting jitter components from the results of the time-base comparison. A signal of the detected jitter 
components is transmitted from the amplifier unit 4 to the system controller 9. The tracking and focusing servo signals 

20 and the speed servo signal are transmitted from the amplifier unit 4 to the servo unit 8. The equalized main reproduced 
signal is transmitted from the amplifier unit 4 to the signal processor 5. 

[0092] The servo unit 8 receives the speed servo signal and the tracking and focusing servo signals from the ampli- 
fier unit 4. The servo unit 8 receives the rotation servo signals from the spindle motor 2 via the driver 7. In response to 
these servo signals, the servo unit 8 implements corresponding servo control processes. 

25 [0093] Specifically, the servo unit 8 generates a rotation control signal on the basis of the speed servo signal and 
the rotation servo signals. The rotation control signal is transmitted from the servo unit 8 to the spindle motor 2 via the 
driver 7. The spindle motor 2 rotates at a speed depending on the rotation control signal. The rotation control signal is 
designed to rotate the optical disc 1 at a given constant linear velocity. The recording and reproduction of information 
on and from the optical disc 1 are implemented at a desired data transmission rate higher than a maximum data trans- 

30 mission rate which occurs in data compression and expansion executed in the apparatus. Accordingly, the rotation con- 
trol signal is designed so that the given constant linear velocity will allow the attainment of the desired data transmission 
rate in the recording and reproduction of information on and from the optical disc 1 . 

[0094] In addition, the servo unit 8 generates servo control signals on the basis of the focusing and tracking servo 
signals. The servo control signals are transmitted from the servo unit 8 to the 2-axis actuator in the optical head 3 via 

35 the driver 7. The 2-axis actuator controls the laser spot on the optical disc 1 in response to the servo control signals, 
and thereby implements focusing and tracking of the laser spot with respect to the optical disc 1 . 
[0095] During the playback mode of operation of the apparatus, the signal processor 5 receives the main repro- 
duced signal from the amplifier unit 4. The signal processor 5 converts the main reproduced signal into a corresponding 
reproduced digital signal. The signal processor 5 detects a sync signal from the reproduced digital signal. The signal 

ao processor 5 decodes an EFM+ signal (an 8-16 modulation signal) of the reproduced digital signal into NRZ data, that 
is, non-return-to-zero data. The signal processor 5 subjects the NRZ data to an error correction process, thereby gen- 
erating address data and reproduced data. The address data represent the address of a currently-accessed sector on 
the optical disc 1 . The sync signal and the address data are fed from the signal processor 5 to the system controller 9. 
[0096] In the case where the reproduced data are MPEG data resulting from compression at a variable transmis- 

45 sion rate, the signal processor 5 temporarily stores the reproduced data in the track buffer memory 1 4. In addition, writ- 
ing and reading the data into and from the track buffer memory 1 4 are controlled to absorb a time-domain change in the 
transmission rate of the reproduced data. The track buffer memory 1 4 includes, for example, a D-RAM having a capac- 
ity of 64 Mbytes. The track buffer memory 14 means a buffer memory in which compressed data are temporarily stored. 
The track buffer memory 14 contains a buffer memory for absorbing a time-domain change in the transmission rate of 

so DVD data, and a buffer memory used in encoding and decoding MPEG data. For example, the system controller 9 
implements the control of the data write and data read-out into and from the track buffer memory 14 via the signal proc- 
essor 5. In addition; the system controller 9 implements management of a used storage area and a used storage size" 
in the track buffer memory 14 via the signal processor 5. The signal processor 5 receives the read-out data (the repro- 
duced data) from the track buffer memory 14. The signal processor 5 outputs the reproduced data to the audio-video 

55 encoding and decoding unit 6. 

[0097] In the case where the reproduced data fed from the track buffer memory 14 via the signal processor 5 are 
• compressed MPEG2 data in which audio data and video data are multiplexed, the audio-video encoding and decoding 
unit 6 separates the reproduced data into compressed audio data and compressed video data. The audio-video encod- 
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ing and decoding unit 6 expands and decodes the compressed audio data into non-compressed audio data. In addition, 
the audio-vide encoding and decoding unit 6 expands and decodes the compressed video data into non-compressed 
video data. During the expansively decoding process, the audio-video encoding and decoding unit 6 temporarily stores 
data in the memory 15. The memory 15 includes, for example, a D-RAM having a capacity of 64 Mbytes. The audio- 

5 video encoding and decoding unit 6 converts the non-compressed audio data into a corresponding analog audio signal 
through digital-to-analog conversion. Also, the audio-video encoding and decoding unit 6 converts the non-compressed 
video data into a corresponding analog video signal through digital-to-analog conversion. It should be noted that the 
conversion of the non-compressed audio and video data into the analog audio and video signals may be implemented 
by digital-to-analog converters provided externally of the audio-video encoding and decoding unit 6. The audio-video 

jo encoding and decoding unit 6 applies the analog audio signal and the analog video signal to the input/output terminal 
1 1 . The analog audio signal and the analog video signal are transmitted to an external via the input/output terminal 1 1 . 
The analog video signal transmitted from the input/output terminal 1 1 is processed by an NTSC encoder before the 
processing-resultant video signal Is indicated on a monitor device (a display). The analog audio signal transmitted from 
the input/output terminal 1 1 is fed to a loudspeaker, being converted thereby into a corresponding sound. 

15 [0098] The data rate of the expansively decoding process by the audio-video encoding and decoding unit 6, that is, 
the data transmission rate in the expansively decoding process, is equalized to an expansion data rate which is set in 
accordance with the type of the related recording mode of operation of the apparatus. Specifically, the audio-video 
encoding and decoding unit 6 can implement the expansively decoding process at a expansion data rate which can be 
changed among plural different expansion data rates. The audio-video encoding and decoding unit 6 selects one from 

20 among the plural different expansion data rates as a desired expansion data rate in accordance with the type of the 
related recording mode of operation of the apparatus. The audio-video encoding and decoding unit 6 executes the 
expansively encoding process at the desired expansion data rate. Information of the type of the recording mode of oper- 
ation of the apparatus is recorded on the optical disc 1 as control data. During the playback of the optical disc 1, the 
control data are read out therefrom before being transmitted to the system controller 9. The system controller 9 sets the 

25 expansion data rate in the audio-video encoding and decoding unit 6 in accordance with the control data. 

[0099] When the apparatus is required to start to operate in the recording mode, the key input unit 10 is actuated 
to generate the recording start command signal. The recording start command signal is transmitted from the key input 
unit 1 0 to the system controller 9. The system controller 9 controls the amplifier unit 4 and the servo unit 8 in response 
to the recording start command signal, thereby starting the recording mode of operation of the apparatus. The control 

30 of the servo unit 8 includes steps of controlling the driver 7. Firstly, the system controller 9 starts rotation of the optical 
disc 1 and application of a laser spot thereon through the control of the driver 7. The optical head 3 is controlled by the 
driver 7, thereby reading out address information from land pre-pits (address pre-pits) in a track on the optical disc 1 . 
The read-out address information is transmitted from the optical head 3 to the system controller 9 via the amplifier unit 
4. The system controller 9 finds or decides a target sector (a target track portion), on which a signal is to be recorded, 

35 by referring to the address information. The system controller 9 controls the optical head 3 via the servo unit 8 and the 
driver 7, thereby moving the laser spot to the target sector on the optical disc 1 . During the recording mode of operation 
of the apparatus, the target sector is changed from one to another. 

[0100] During the recording mode of operation of the apparatus, an audio signal and a video signal to be recorded 
are fed via the input/output terminal 1 1 to the audio-video encoding and decoding unit 6. The audio-video encoding and 

40 decoding unit 6 converts the audio signal into corresponding audio data through analog-to-digital conversion. In addi- 
tion, the audio-video encoding and decoding unit 6 converts the video signal into corresponding video data through 
analog-to-digital conversion. It should be noted that the conversion of the audio and video signals into the audio and 
video data may be implemented by analog-to-digital converters provided externally of the audio-video encoding and 
decoding unit 6. The audio-video encoding and decoding unit 6 compressively encodes the audio data and the video 

45 data into MPEG2 audio data and MPEG2 video data at a rate depending on the type of the recording mode. The audio- 
video encoding and decoding unit 6 multiplexes the MPEG2 audio data and the MPEG2 video data to form multiplexed 
MPEG2 data. The audio-vide encoding and decoding unit 6 outputs the multiplexed MPEG2 data to the signal proces- 
sor 5. The data rate of the compressively encoding process by the audio-video encoding and decoding unit 6, that is, 
the data transmission rate in the compressively encoding process, is equalized to a compression data rate which is 

so selected from among plural different rates in accordance with the type of the recording mode of operation of the appa- 
ratus. During the compressively encoding process, the audio-video encoding and decoding unit 6 temporarily stores 
data in the memory 15. ^""^ " 

[0101] It should be noted that the multiplexed MPEG2 data may be replaced by still-picture data or computer data 
such as program file data. In this case, the still-picture data or the computer data are transmitted to the system control- 
55 ler 9 via the interface 13. The system controller 9 transfers the still-picture data or the computer data to the signal proc- 
essor 5. 

[0102] During the recording mode of operation of the apparatus the signal processor 5 adds error correction code 
signals (ECC signals or PI and PO signals) to the multiplexed MPEG2 data, the still-picture data, or the computer data. 
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The signal processor 5 subjects the ECC-added data to NRZ and EFM+ encoding processes. The signal processor 5 
adds a sync signal to the encoding-resultant data to form sync-added data. The sync signal is fed from the system con- 
troller 9. The sync-added data are temporarily stored in the track buffer memory 1 4. The sync-added data are read out 
from the track buffer memory 14 at a data rate corresponding to a data rate of signal recording on the optical disc 1 . The 
5 signal processor 5 subjects the read-out data to given modulation for record. The signal processor 5 outputs the mod- 
ulation-resultant signal to the amplifier unit 4. The amplifier unit 4 corrects the waveform of the output signal of the signal 
processor 5. The amplifier unit 4 outputs the waveform-correction- resultant signal to the laser drive circuit in the optical 
head 3. The optical head 3 records the output signal of the amplifier unit 4 on the target sector (the target track portion) 
on the optical disc 1 . 

7a [0103] The amplifier unit 4 informs the system controller 9 of detected jitter components. The system controller 9 
subjects the detected jitter components to analog-to-digital conversion to generate a measured jitter value. During the 
recording mode of operation of the apparatus, the system controller 9 adjusts the degree or characteristic of the wave- 
form correction by the amplifier unit 4 in response to the measured jitter value and an asymmetry value. 
[0104] The optical disc 1 will be further described. Preferably, the optical disc 1 is based on a DVD-RW. In other 

15 words, the optical disc 1 is a modification of a DVD-RW. The optical disc 1 conforms to the standards of a recordable 
DVD. Regarding recorded contents, the optical disc 1 is compatible with a DVD-Video, a DVD-Audio, a DVD-ROM, a 
DVD of another type, or another high-density large-capacity optical disc. Addresses of sectors are previously recorded 
or formed on the DVD-RW. The recorded sector addresses enable address control to be implemented during the 
recording mode and the playback mode of operation of the apparatus. The optical disc 1 has a spiral groove corre- 

20 sponding to a spiral track. For example, the spiral groove is wobbled at a frequency modulated on the basis of data rep- 
resenting addresses, and hence the addresses are recorded on the optical disc 1 as a groove wobbling frequency 
signal. Preferably, the optical disc 1 has given pits (address pre-pits) which are previously formed in a land. The given 
pits are referred to as land pre-pits (LPP). The land pre-pits represent sector addresses which constitute a recording 
timing signal. 

25 [0105] During the recording mode of operation of the apparatus, data are recorded on the optical disc 1 . In general, 
the assignment of recorded data portions to sectors of the optical disc 1 is designed so that sector addresses (data 
addresses) in the recorded data portions will be in agreement with sector addresses (LPP addresses) represented by 
the land pre-pits. According to an example of data recording which provides agreement between data addresses and 
LPP addresses, data are reproduced from a DVD and are then recorded on a DVD-RW as they are. In this case, the 

30 data are continuously recorded on the DVD-RW so that data addresses and LPP addresses are in agreement with each 
other. 

[0106] The recording mode of operation of the apparatus can be changed among different types including an RTR 
mode and a DVD-Video compatible mode. The user can select one of the RTR mode and the DVD-Video compatible 
mode by operating the key input unit 10 to generate a mode selection signal. The mode selection signal is transmitted 
35 from the key input unit 10 to the system controller 9. The system controller 9 changes the recording operation of the 
apparatus between the RTR mode arid the DVD-Video compatible mode in response to the mode selection signal. 
Alternatively, the system controller 9 may change the recording operation of the apparatus between the RTR mode and 
the DVD-Video compatible mode in response to a type of an input signal to be recorded. 

[0107] Fig. 1 1 shows a flowchart of a portion of a program for the system controller 9. The program portion in Fig. 

40 1 1 relates to the recording mode of operation of the apparatus. As shown in Fig. 1 1, a step S1 of the program portion 
decides whether or not the RTR recording mode is selected by referring to the mode selection signal. When it is decided 
that the RTR recording mode is selected, the program advances from the step S1 to a step S2. On the other hand, when 
it is decided that the RTR recording mode is not selected, the program advances from the step S1 to a step S3. 
[0108] The step S2 records contents information on the data area DA of an optical disc 1 . In addition, the step S2 

45 records lead-in information on the first lead-in area LI1 of the optical disc 1 . The lead-in information contains CSS-key 
information. The lead-in information may be devoid of the CSS-key information. 

[0109] The step S3 decides whether or not the DVD-Video-compatible recording mode is selected by referring to 
the mode selection signal. When it is decided that the DVD-Video-compatible recording mode is selected, the program 
advances from the step S3 to a step S4. On the other hand, when it is decided that the DVD-Video-compatible recording 

50 mode is not selected, the program advances from the step S3 to another step (not shown). 

[0110] The step S4 records contents information on the data area DA of the optical disc 1 . In addition, the step S4 
records lead-in information on the second lead-in area LI2 excepfthe^pre-pit area PR of the optical disc 1 . The recorded 
lead-in information is devoid of CSS-key information. The steps S2 and S4 are followed by a common step (not shown). 
[011 1] In the case where the pre-pit area PR has an 8-Kbyte size corresponding to 4 sectors, lead-in information of 

55 24 Kbytes (= 32 Kbytes - 8 Kbytes) is recorded on the second lead-in area LI2 except the pre-pit area PR for one ECC 
block (32 Kbytes). On the other hand, in the case where the pre-pit area PR has a 32-Kbyte size, the recording of lead- 
in information on the second lead-in area LI2 is not executed for one ECC block. 

[0112] During the RTR recording mode of operation of the apparatus, contents information and lead-in information 
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are recorded on the optical disc 1 on a real-time basis. The after-recording optical disc 1 is incompatible with a DVD- 
Video. 

[0113] During the DVD-Video-compatible recording mode of operation of the apparatus, it is difficult to record com- 
plicatedly-edited contents information on the optical disc 1 on a real-time basis. The after-recording optical disc 1 is 
5 compatible with a DVD-Video. Therefore, the after-recording optical disc 1 can be played back by a commercially-avail- 
able DVD-Video player. 

[0114] Fig. 1 2 shows a flowchart of a portion of a program for the system controller 9. The program portion in Fig. 

1 2 may replace the program portion in Fig. 11 . As shown in Fig. 1 2, a step S1 1 of the program portion decides whether 
or not the DVD-Video-compatible recording mode is selected by referring to the mode selection signal. When it is 

w decided that the DVD-Video-compatible recording mode is selected, the program advances from the step S1 1 to a step 
S1 2. On the other hand, when it is decided that the DVD-Video-compatible recording mode is not selected, the program 
advances from the step S11 to a step S13. 

[0115] The step S12 records contents information on the data area DA of an optical disc 1 . In addition, the step S12 
records lead-in information on the second lead-in area LI2 except the pre-pit area PR of the optical disc 1 . The recorded 

15 lead-in information is devoid of CSS-key information. 

[0116] The step S13 decides whether or not the RTR recording mode is selected by referring to the mode selection 
signal. When it is decided that the RTR recording mode is selected, the program advances from the step S13 to a step 
S14. On the other hand, when it is decided that the RTR recording mode is not selected, the program advances from 
the step S13 to another step (not shown). 

20 [0117] The step S14 records contents information on the data area DA of the optical disc 1. In addition, the step 
S14 records lead-in information on the first lead-in area LI1 of the optical disc 1 . The lead-in information contains CSS- 
key information. The lead-in information may be devoid of the CSS-key information. The steps S12 and S14 are fol- 
lowed by a common step (not shown). 

[0118] An optical disc 1 played back by the apparatus can be changed among DVD information recording media 
25 including a DVD-Video, a DVD-RW version M 1 .0°, and a DVD-RW in the first embodiment of this invention. As viewed at 
physical radial positions in Fig. 1, the DVD-Video does not have a first lead-in area LI. The DVD-Video has a second 
lead-in area LI2 which stores lead-in information containing CSS-key information. The DVD-RW version n 1 .0" has a first 
lead-in area LI1 . The DVD-RW version "1 .0" also has an unreadable lead-in area positionally corresponding to a second 
lead-in area LI2. The DVD-RW in the first embodiment of this invention has a first lead-in area LI1 and a second lead- 
30 in area LI2 which are readable. In the DVD-RW of the first embodiment of this invention, the first lead-in area LI1 stores 
first lead-in information, and the second lead-in area LI2 stores second lead-in information containing copyright-protec- 
tion-related information such as information of a CSS key corresponding to a given value. . 

[0119] Fig. 13 shows a flowchart of a portion of the program for the system controller 9. The program portion in Fig. 

13 relates to the playback mode of operation of the apparatus. As shown in Fig. 13, a step S5 of the program portion 
35 accesses lead-in information on the first lead-in area LI1 of an optical disc 1 . 

[0120] A step S6 following the step S5 decides whether or not the lead-in information is valid as a media type by 
referring to flag information in the lead-in information. When it is decided that the lead-in information is valid, the pro- 
gram advances from the step S6 to a step S7. On the other hand, when it is decided that the lead-in information is not 
valid, the program advances from the step S6 to a step S8. Also, when it is found that the lead-in information is absent 

40 from the first lead-in area LI1 , the program advances from the step S6 to the step S8. 

[0121] The step S7 reproduces the lead-in information from the first lead-in area LI1 of the optical disc 1 . The repro- 
duced lead-in information contains CSS-key information. The reproduced lead-in information may be devoid of the 
CSS-key information. In addition, the step S7 reproduces contents information from the data area DA of the optical disc 
1 in accordance with the reproduced lead-in information. The reproduction of the contents information is implemented 

45 in, for example, an RTR playback mode. 

[0122] The step S8 accesses lead-in information on the second lead-in area LI2 of the optical disc 1 . The step S8 
decides whether or not the lead-in information is valid as a media type by referring to flag information in the lead-in infor- 
mation. When it is decided that the lead-in information is valid, the program advances from the step S8 to a step S9. On 
the other hand, when it is decided that the lead-in information is not valid, the current execution cycle of the program 

so portion ends. 

[0123] The step S9 reproduces the lead-in information from the second lead-in area LI2 of the optical disc 1. The 
" T reproduced lead-in information contains CSS-key information. In addition/the step S9 reproduces contents information 

from the data area DA of the optical disc 1 in accordance with the reproduced lead-in information. The reproduction of 

the contents information is implemented in, for example, a DVD-Video-compatible playback mode. The step S9 may 
55 stop the reproduction of the contents information when the reproduced lead-in information and the apparatus are in a 

predetermined unacceptable relation. 

[0124] Fig. 14 shows a flowchart of a portion;of a program for the system controller 9. The program portion in Rg. 

14 may replace the program portion in Fig. 13. As shown in Fig. 14, a step S15 of the program portion accesses lead- 
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in information on the second lead-in area LI2 of an optical disc 1 . 

[0125] A step S1 6 following the step S1 5 decides whether or not the lead-in information is valid as a media type by 
referring to flag information in the lead-in information. When it is decided that the lead-in information is valid, the pro- 
gram advances from the step S16 to a step S17. On the other hand, when it is decided that the lead-in information is 

5 not valid, the program advances from the step S1 6 to a step S1 8. 

[0126] The step S1 7 reproduces the lead-in information from the second lead-in area LI2 of the optical disc 1 . The 
reproduced lead-in information contains CSS-key information. In addition, the step S17 reproduces contents informa- 
tion from the data area DA of the optical disc 1 in accordance with the reproduced lead-in information. The reproduction 
of the contents information is implemented in, for example, a DVD-Video-compatible playback mode. 

w [0127] The step S1 8 accesses lead-in information on the first lead-in area Lh of the optical disc 1 . The step S18 
decides whether or not the lead-in information is valid as a media type by referring to flag information in the lead-in infor- 
mation. When it is decided that the lead-in information is valid, the program advances from the step S1 8 to a step S1 9. 
On the other hand, when it is decided that the lead-in information is not valid, the current execution cycle of the program 
portion ends. Also, when it is found that the lead-in information is absent from the first lead-in area LI1 , the current exe- 

75 cution cycle of the program portion ends. 

[0128] The step S19 reproduces the lead-in information from the first lead-in area LI1 of the optical disc 1. The 
reproduced lead-in information contains CSS-key information. The reproduced lead-in information may be devoid of the 
CSS-key information. In addition, the step S19 reproduces contents information from the data area DA of the optical 
disc 1 in accordance with the reproduced lead-in information. The reproduction of the contents information is imple- 

20 mented in, for example, an RTR playback mode. The step S19 may stop the reproduction of the contents information 
when the reproduced lead-in information and the apparatus are in a predetermined unacceptable relation. 
[0129] In the information recording medium, 16 successive data sectors (32 Kbytes) compose one ECC block 
which is a minimum unit of recording and reproducing data. Each data sector is composed of 26 sync frames to which 
sync signals are added (see Fig. 4). The sync frames are synchronized with a sync timing signal for recording, and with 

25 LPP addresses. The DVD-RW has the additional feature that land pre-p'rts representing sector addresses are formed at 
given intervals along a track. 

[0130] As previously mentioned, the second lead-in area LI2 of the information recording medium or the DVD-RW 
contains the pre-pit area PR which stores the copyright-protection-related information (the CSS-key information, or the 
copy guard information). According to a first example, the pre-pit area PR occupies only 4 sectors in one ECC block. 

30 According to a second example, the pre-pit area PR fully occupies 16 sectors in one ECC block. 

[0131] In the case where the pre-pit area PR occupies only 4 sectors in one ECC block, the recording of data on 
the ECC block is implemented as follows. The ROM within the system controller 9 stores the copyright-protection- 
related information same as that recorded on the pre-pit area PR of the information recording medium. The system con- 
troller 9 reads out the copyright-protection-related information from the ROM. The system controller 9 uses the track 

35 buffer memory 14 via the signal processor 5, and thereby combines the copyright-protection-related information with 
data to be recorded on the ECC block. The combining- resultant data are processed into ECC-signal-added data 
(Pl/PO-signal-added data) for the ECC block. The ECC-signal-added data for the ECC block are referred to as the 1 - 
ECC-biock data. With reference to Fig. 15, a first portion of the 1-ECC-block data is recorded while the LPP-based 
recording timing signal is used as reference timings indicative of the boundaries between sectors or the heads of sec- 

40 tors. The first portion extends from the head of the 1-ECC-block data to a point corresponding to the starting edge of 
the pre-pit area PR. At the timing corresponding to the starting edge of the pre-pit area PR and given by the LPP-based 
recording timing signal, the system controller 9 suspends the recording and changes the operation of the apparatus 
from the recording mode to the playback mode. The recording continues to be suspended until the timing corresponding 
to the ending edge of the pre-pit area PR and given by the LPP-based recording timing signal. As a result, a second 

45 portion of the 1-ECC-block data which follows the first portion thereof is not recorded on the pre-pit area PR. Thus, the 
original copyright-protection-related information recorded on the pre-pit area PR is prevented from being damaged and 
contaminated by the phase change overwrite. At the timing corresponding to the ending edge of the pre-pit area P, the 
system controller 9 returns the operation of the apparatus to the recording mode and restarts the recording. Therefore, 
a third portion of the 1-ECC-block data is recorded while the LPP-based recording timing signal is used as reference 

so timings indicative of the boundaries between sectors or the heads of sectors. The third portion extends between a point 
corresponding to the ending edge of the pre-pit area PR and the end of the 1-ECC-block data. 
• [0132] in the case where the pre-pit area PR fully occupies 16 sectors in one ECC block, the recording of data on — 
the ECC block is not executed as shown in Fig. 16. 

[0133] During the playback of the information recording medium (the DVD-RW) by a DVD-Video player, lead-in 
55 information is reproduced from the second lead-in area LI2 of the information recording medium. The reproduced lead- 
in information contains CSS-key information. Then, contents information is reproduced from the data area DA of the 
information recording medium in response to the reproduced lead-in information. The reproduction of the contents infor- 
mation may be stopped when the reproduced lead-in information arid the player are in a predetermined unacceptable 
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relation. 

[0134] During the playback of the information recording medium (the DVD-RW) by the apparatus in the second 
embodiment of this invention, first lead-in information is reproduced from the first lead-in area LI1 of the information 
recording medium. In the case where the first lead-in information is absent from the first lead-in area LI1 or flag infor- 

5 mation in the first lead-in information indicates that the first lead-in information is invalid, second lead-in information is 
reproduced from the second lead-in area of the information recording medium. In the case where the second lead-in 
information is required, the second lead-in information is reproduced from the second lead-in area of the information 
recording medium. The second lead-in information contains copyright-protection-related information. Contents informa- 
tion is reproduced from the data area DA of the information recording medium in response to the reproduced second 

w lead-in information. On the other hand, in the case where the flag information in the first lead-in information indicates 
that the first lead-in information is valid, the contents information is reproduced from the data area DA of the information 
recording medium in response to the reproduced first lead-in information. 

[0135] When the pre-pit area PR occupies only 4 sectors in one ECC block (see Fig. 15), the recorded data on the 
ECC block has two Unkings or seams. During playback, the error correction process is able to successfully correct data 

15 errors which might be caused by the linkings since the number of the data errors is within the range of the ability to cor- 
rect errors. Thus, the original copyright-protection- related information can be stably and accurately reproduced. 
[0136] It is assumed that the information-recording medium (the DVD-RW) stores given CSS-key information in its 
pre-pit area PR, and contents information scrambled according to a CSS is illegally recorded and copied on the data 
area DA of the information recording medium. Usually, CSS-key information corresponding to the illegally-recorded 

20 contents information is different from the given CSS-key information so that the illegally-copied contents information can 
not be descrambled during playback. Thus, the illegally-copied contents information can not be reproduced by a player 
such as a DVD-Video player. On the other hand, after unscrambled contents information (for example, personal con- 
tents information) is recorded on the data area DA of the information recording medium, the contents information can 
be reproduced from the information recording medium by a DVD-Video player. 

25 

Other Embodiments 

[0137] The DVD-Video in the first and second embodiments of this invention may be replaced by a DVD-Audio. The 
DVD in the first and second embodiments of this invention may be replaced by another high-density large-capacity 
30 recording medium. 

Claims 

1. An information recording medium comprising a lead-in area and a data area for storing contents information, the 
35 lead-in area including a first lead-in information area and a second lead-in information area, the first lead-in infor- 
mation area corresponding to a first playback mode, the second lead-in information area corresponding to a second 
playback mode different from the first playback mode, the first lead-in information area having a first depth and 
being for storing lead-in information related to the contents information stored in the data area, the second lead-in 
information area including pre-pits having a second depth greater than the first depth, the pre-pits representing pre- 

40 determined information related to the contents information stored in the data area. 

2. An information recording medium according to claim 1 , wherein the first depth is smaller than A/(8n), and the sec- 
ond depth is in a range of from about M(4n) to about A/(8n), where "A," denotes a wavelength of reading laser light 
and V denotes a refractive index of a material for the medium. 

45 

3. An information recording medium comprising a lead-in area and a data area for storing contents information, the 
lead-in area including a first lead-in information area and a second lead-in information area, the first lead-in infor- 
mation area corresponding to a first recording/playback mode, the second lead-in information area corresponding 
to a second recording/playback mode different from the first recording/playback mode, the first lead-in information 

so area being for storing lead-in information related to the contents information stored in the data area in units of pre- 
determined error correction blocks, the second lead-in information area being for inerasably storing information 
containing predetermined information related to the contents information stored in the data area, wherein. an 
amount of the information containing the predetermined information exceeds a value corresponding to an upper 
limit of an ability of the predetermined error correction blocks to correct errors. 

55 

4. An information recording medium according to claim 3, wherein an information amount of the predetermined error 
correction blocks is equal to about 32 Kbytes, and the upper limit of an ability of the predetermined error correction 
blocks to correct errors corresponds to about 2 Kbytes, and wherein the amount of the information containing the 
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predetermined information is equal to about 8 Kbytes or more. 

5. An information recording medium according to any one of claims 1 to 4, wherein the lead-in information contains 
flag information representing a validity of the lead-in information. 

5 

6. An information recording medium according to any one of claims 1 to 5, wherein the first lead-in information area 
and the second lead-in information area comprise information-recordable areas made of phase-changeable mate- 
rial, and the predetermined information is reproducible. 

10 7. An information recording medium comprising a lead-in area and a data area for storing contents information, the 
lead-in area including a first !ead-in information area and a second lead-in information area, the first lead-in infor- 
mation area having a first depth and being for storing first lead-in information, related to the contents information 
stored in the data area, the first lead-in contents information including information of medium manufacture and 
information of a contents-information start position, the second lead-in information area including pre-pits having a 

15 second depth greater than the first depth, the pre-pits representing predetermined information related to the con- 
tents information stored in the data area, the second lead-in information area including an area for storing second 
lead-in information including the information of medium manufacture and the information of the contents-informa- 
tion start position. 

20 8. An information recording medium according to claim 7, wherein each of the first lead-in information and the second 
lead-in information contains flag information representing a validity of the related lead-in information. 

9. An information recording medium according to claim 7, wherein the first lead-in information area and the second 
lead-in information area comprise information-recordable areas made of phase-changeable material, and the pre- 

25 determined information is reproducible but becomes unreadable when new information is recorded again. 

10. An information recording medium comprising a lead-in area and a data area for storing contents information, the 
lead-in area including a first lead-in information area and a second lead-in information area, the first lead-in infor- 
mation area being for storing first lead-in information related to the contents information stored in the data area in 

30 units of predetermined error correction blocks, the first lead-in information including information of medium manu- 
facture and information of a contents-information start position, the second lead-in information area being for 
inerasably storing information containing predetermined information related to the contents information stored in 
the data area, wherein an amount of the information containing the predetermined information exceeds a value cor- 
responding to an upper limit of an ability of the predetermined error correction blocks to correct errors, the second 

35 lead-in information area including an area for storing second lead-in information including the information of 
medium manufacture and the information of the contents-information start position. 

11. An information recording medium according to any one of claims 1 to 10, wherein the first lead-in information area 
corresponds to RTR standards, and the second lead-in information area corresponds to DVD-Video standards. 

40 

12. An information recording medium according to any one of claims 1 to 11, wherein the predetermined information 
comprises information of a CSS key having a given value. . 

13. An information recording medium according to any one of claims 1 to 12, wherein the predetermined information 
45 comprises information of copyright protection related to the contents information stored in the data area. 

14. A method of recording lead-in information and contents information on an information recording medium, the infor- 
mation recording medium comprising a lead-in area and a data area for storing contents information, the lead-in 
area including a first lead-in information area for storing the lead-in information and a second lead-in information 

so area for storing the lead-in information except predetermined information related to the contents information stored 
in the data area, the method comprising the steps of: 

recording the lead-in information on the first lead-in information area, and recording the contents information 
on the data area during a first recording mode of operation which corresponds to recording on the first lead-in 
55 information area; and 

recording the lead-in information except the predetermined information on the second lead-in information area, 
and recording the contents information on the data area during a second recording mode of operation which 
corresponds to recording on the second lead-in information area. 
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1 5. A method according to claim 14, wherein the predetermined information comprises information of copyright protec- 
tion related to the contents information stored in the data area. 

16. An apparatus for recording lead-in information and contents information on an information recording medium, the 
5 information recording medium comprising a lead-in area and a data area for storing contents information, the lead- 
in area including a first lead-in information area for storing the lead-in information and a second lead-in information 
area for storing the lead-in information except predetermined information related to the contents information stored 
in the data area, the apparatus comprising: 

w first means for deciding which of a first recording mode of operation and a second recording mode of operation 

is selected, wherein the first recording mode of operation corresponds to recording on the first lead-in informa- 
tion area, and the second recording mode of operation corresponds to recording on the second lead-in infor- 
mation area; 

second means for recording the lead-in information on the first lead-in information area, and recording the con- 
15 tents information on the data area when the first means decides that the first recording mode of operation is 

selected; and 

third means for recording the lead-in information except the predetermined information on the second lead-in 
information area, and recording the contents information on the data area when the first means decides that 
the second recording mode of operation is selected. 

20 

17. An apparatus according to claim 16, wherein the predetermined information comprises information of copyright 
protection related to the contents information stored in the data area. 

18. A method of reproducing contents information from an information recording medium, the information medium 
25 comprising a lead-in area and a data area for storing the contents information, the lead-in area including a first lead- 
in information area and a second lead-in information area, the method comprising the steps of: 

reproducing lead-in information form the first lead-in information area during a first playback mode of operation 
which corresponds to the first lead-in information area; 
30 reproducing lead-in information from the second lead-in information area during a second playback mode of 

operation which corresponds to the second lead-in information area; and 

reproducing the contents information from the data area in cases where the lead-in information is reproduced 
form one of the first lead-in information area and the second lead-in information area. 

35 19. An apparatus for reproducing contents information from an information recording medium, the information record- 
ing medium comprising a lead-in area and a data area for storing the contents information, the lead-in area includ- 
ing a first lead-in information area and a second lead-in Information area, the apparatus comprising: 

first means for scanning the first lead-in information area to reproduce lead-in information from the first lead-in 
40 information area during a first playback mode of operation which corresponds to the first lead-in information 

area; 

second means for scanning the second lead-in information area to reproduce lead-in information from the sec- 
ond lead-in information area during a second playback mode of operation which corresponds to the second 
lead-in information area; and 

45 third means for reproducing the contents information from the data area in cases where one of the first means 

and the second means reproduces the lead-in information from one of the first lead-in information area and the 
second lead-in information area during one of the first playback mode of operation and the second playback 
mode of operation. 

so 20. A method of reproducing contents information from an information recording medium, the information recording 
medium comprising a lead-in area and a data area for storing the contents information, the lead-in area including 
a first lead-in information area and a second lead-in information area, the method comprising the steps of: 

reading out first lead-in information from the first lead-in information area; 
55 deciding whether of not the read-out first lead-in information is valid; 

reproducing the contents information from the data area in response to the read-out first lead-in information 
when it is decided that the read-out first lead-in information is valid; 

deciding whether of not second lead-in information is required to be read out from the second lead-in informa- 
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tion area; and 

reading out the second lead-in information from the second lead-in information area, and reproducing the con- 
tents information from the data area in response to the read-out first lead-in information and the read-out sec- 
ond lead-in information in cases where it is decided that the second lead-in information is required to be read 
5 out from the second lead-in information area. 

21. A method of reproducing contents information from an information recording medium, the information recording 
medium comprising a lead-in area and a data area for storing the contents information, the lead-in area including 
a first lead-in information area and a second lead-in information area, the method comprising the steps of: 

w 

deciding whether first lead-in information is present in or absent from the first lead-in information area; 
reading out the first lead-in information from the first lead-in information area when it is decided that the first 
lead-in information is present in the first lead-in information area; 
deciding whether the read-out first lead-in information is valid or invalid; 
75 reproducing the contents information from the data area in response to the read-out first lead-in information 

when it is decided that the read-out first lead-in information is valid; and 

reading out second lead-in information from the second lead-in information area, and reproducing the contents 
information from the data area in response to the read-out information in cases where it is decided that the first 
lead-in information is absent from the first lead-in information area or in cases where it is decided that the read- 
20 out first lead-in information is invalid. 

22. A method according to claim 20 or 21 , wherein the information recording medium comprises an information record- 
ing medium according to any one of claims 1 to 13. 

25 23. An apparatus for reproducing contents information from an information recording medium, the information record- 
ing medium comprising a lead-in area and a data area for storing the contents information, the lead-in area includ- 
ing a first lead-in information area and a second lead-in information area, the apparatus comprising; 

first means for reading out first lead-in information from the first lead-in information area; 
30 second means for deciding whether or not the read-out first lead-in information is valid; 

third means for reproducing the contents information from the data area in response to the read-out first lead- 
in information when the second means decides that the read-out first lead-in information is valid; 
fourth means for deciding whether or not second lead-in information is required to be read out from the second 
lead-in information area; and 

35 fifth means for reading out the second lead-in information from the second lead-in information area, and repro- 

ducing the contents information from the data area in response to the read-out first lead-in information and the 
read-out second lead-in information in cases where the fourth means decides that the second lead-in informa- 
tion is required to be read out from the second lead-in information area. 

40 24. An apparatus for reproducing contents information from an information recording medium, the information record- 
ing medium comprising a lead-in area and a data area for storing the contents information, the lead-in area includ- 
ing a first lead-in information area and a second lead-in information area, the apparatus comprising: 

first means for deciding whether first lead-in information is present in or absent from the first lead-in information 
45 area; 

second means for reading out the first lead-in information from the first lead-in information area when the first 
means decides that the first lead-in information is present in the first lead-in information area; 
third means for deciding whether the read-out first lead-in information is valid or invalid; 
fourth means for reproducing the contents information from the data area in response to the read-out first lead- 
so in information when the third means decides that the read-out first lead-in information is valid; and 

fifth means for reading out second lead-in information from the second lead-in information area, and reproduc- 
*" ing the contents information from the data area in response to the read-out second lead-in information is cases 
where the first means decides that the first lead-in information is absent from the first lead-in information area 
or in cases where the third means decides that the read-out first lead-in information is invalid. 

55 

25. An apparatus according to claim 23 or 24, wherein the information recording medium comprises an information 
recording medium according to any one of claims 1 to 13. 
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26. A rewritable information -recording optical disc comprising a lead-in area assigned to lead-in information and a data 
area assigned to contents information, the lead-in area including a first sub-area and a second sub-area, the first 
sub-area corresponding to first disc standards and including a phase change recording area, the first sub-area 
being assigned to lead-in information corresponding to the first disc standards, the second sub-area corresponding 
5 to second disc standards different from the first disc standards and including pre-pits representative of predeter- 

mined information in a predetermined logic state, the predetermined information relating to the contents informa- 
tion to which the data area is assigned, the second sub-area being assigned to lead-in information corresponding 
to the second disc standards, the data area including a phase change recording area. 

w 27.. A rewritable information-recording optical disc comprising a lead-in area assigned to lead-in information and a data 
area assigned to contents information, the lead-in area including a first sub-area and a second sub-area, the first 
sub-area corresponding to first disc standards and including a phase change recording area, the first sub-area 
being assigned to lead-in information corresponding to the first disc standards, the second sub-area corresponding 
to second disc standards different from the first disc standards and including pre-pits representative of copyright 

15 protecting information in a predetermined logic state, the second sub-area being assigned to lead-in information 
corresponding to the second disc standards, the data area including a phase change recording area. 
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FIG. 11 
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FIG. 13 
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